Background: Minimizing blood loss is an important aspect of laparoscopic liver resection. Liver transection is the most challenging part of liver resection, but no standard method is available for this step at present. Herein, we have introduced the superficial precoagulation, sealing, and transection (SPST) method, a potentially "bloodless" and "ecofriendly" laparoscopic liver transection technique involving reusable devices: the VIO soft-coagulation system; VIO BiClamp (bipolar electrosurgical coagulation); Olympus SonoSurg (ultrasonic surgical system); and CUSA (ultrasonic aspirator). Furthermore, we have reported the short-term outcomes of laparoscopic liver transection with the SPST method.
S
ignificant advancements in the design of laparoscopic instruments and in surgical techniques have expanded the indications for laparoscopic liver resection over the last 2 decades. [1] [2] [3] [4] [5] However, intraoperative bleeding is still a major concern and is the main reason for conversion to open laparotomy, which causes higher postoperative morbidity and mortality. 1, 6, 7 Moreover, intraoperative blood transfusion is reported to be a negative predictor of diseasefree and overall survival in patients with hepatocellular carcinoma. 8 The most important factor for improved outcomes in laparoscopic liver resection is reduced blood loss, or possibly "bloodless" surgery, and liver transection is the most challenging part of the procedure in this regard. Therefore, the establishment of a simple and safe laparoscopic liver transection method is essential for further use of laparoscopic liver resection as a standard technique. However, no standardized method has been proposed for laparoscopic liver transection to date, and therefore surgeons operate on the basis of their individual experience. 9 Herein, we introduce an original laparoscopic liver transection technique-the superficial precoagulation, sealing, and transection (SPST) method-as a potential standard method for laparoscopic liver transection.
PATIENTS AND METHODS
A total of 14 consecutive patients who underwent pure laparoscopic partial liver resection with the SPST method from August 2008 to June 2010 at a single institution were enrolled in this study. The study population comprised 13 men and 1 woman, with a median age of 70 years (range, 53 to 84 y). Their preoperative diagnoses were as follows: hepatocellular carcinomas, 10 cases; and liver metastases from colorectal cancer, 4 cases. The Child-Pugh scores were A for 10 and B for 4 patients ( Table 1) . We did not include anatomic resection in this study so as to simply assess liver transection, because anatomic resection requires other technical procedures such as division of Glissonian pedicles, which can cause bleeding, bile leakage, or other complications. Resectability was determined by the following tests to exclude multiple tumors within the liver and/or extrahepatic metastasis and to assess the anatomic location: computed tomography with intravenous contrast, ultrasonography, and magnetic resonance imaging. All patients provided written informed consent for treatment and the academic use of the patient information.
Surgical Technique: The SPST Method
The technique consists of 4 steps that are repeated during liver transection (Fig. 1) . Step 1: Superficial Precoagulation From the Liver Surface
First, we perform superficial precoagulation on the transection line of the liver from its surface (Fig. 1) . A paddle-type electrode, known as the IO electrode, with the VIO 300D system (ERBE Elektromedizin, Tu¨bingen, Germany) is used in the Soft-Coagulation mode with the effect level of 6 and a maximum output of 80 W. Saline solution is dropped at the tip of the IO electrode. During this step, the superficial parenchyma is coagulated to a depth of approximately 5 mm.
Step 2: Exposure of Vessels and Bile Ducts by Using an Ultrasonic Aspirator Second, we dissect the liver parenchyma using the Cavitron Ultrasonic Surgical Aspirator system (CUSA; Valleylab, Boulder, NY), which exposes the string-like structures of the vessels and bile ducts (Fig. 1) .
Steps 3 and 4: Sealing and Transection
Finally, before the transection, all vessels and bile ducts across the transection line need to be sealed with one of the sealing devices: BiClamp, SonoSurg, or Endo-Clip. Bipolar electrosurgical coagulation (BiClamp), which is a part of the VIO 300D system, is used to seal vessels with a diameter <5 mm. As the BiClamp is purely a sealing device and does not transect tissue, laparoscopic shears are required for cutting (Fig. 1) . If the vessels are <3 mm, SonoSurg (Olympus, Tokyo, Japan)-an ultrasonic surgical system-can be used to transect vessels and seal them simultaneously. In vessels or bile ducts with diameters >5 mm, clips are applied before transection.
RESULTS
The median operative time was 201 minutes (range, 97 to 332 min), and the median blood loss was 5 mL (range, 5 to 250 mL; 5 mL blood loss was considered as "uncountable blood loss"; Table 2 ), without the use of the Pringle maneuver in any case. There was no requirement for blood transfusion, no intraoperative complications, and no requirement for conversion to laparotomy. Two patients (14%) had a postoperative complication of pulmonary edema associated with low cardiac function and leg ischemia because of severe peripheral vascular disease, but no liver transection-related complications such as bile leakage or postoperative bleeding were observed. The pathologic diagnosis was the same as the preoperative diagnosis for all 14 cases. The mean tumor size was 2.5 ± 1.6 cm, and the mean surgical margin was 4.6 ± 4.2 mm. No patient was found to have a positive surgical margin on microscopic examination. Microscopy findings for background liver showed that 7 patients had cirrhosis and 3 patients had fibrosis. None of the patients had peritoneal carcinomatosis, port-site recurrence, or local recurrence during an average follow-up of 37.6 months. Step 1: Superficial precoagulation on the transection line of the liver from its surface, with the VIO soft-coagulation system.
Step 2: Dissection of the liver parenchyma by CUSA (ultrasonic aspirator), which exposes the string-like structures of vessels and bile ducts.
Step 3: Sealing with BiClamp (bipolar electrosurgical coagulation).
Step 4: Transection with shears. Steps 3 and 4 can be substituted by SonoSurg (ultrasonic surgical system), which provides transection with simultaneous sealing if the vessels or bile ducts are small enough. Values are the average ± SD or median (range).
